Lysogenic conversion of Shigella flexneri type antigens was studied with the aid of wild-type and thermosensitive mutant phages. With all wild-type phages, the appearance of glucosylated antigen was accompanied by the appearance of polyprenyl phosphate glucose synthetase activity. With some of the mutant phages, the appearance of glucosylated antigen was not followed by the formation of lipid-linked glucose in the enzyme assay. The reverse has also been observed, i.e., the high rate of formation of lipid-linked glucose and the lack of V-type antigen.
The 0-specific side chain of Shigella flexneri variant Y is composed of GlcNAc-Rha-Rha-Rha units. This structure determined the -, 3,4, or Y specificity (8, 11) . The serotypes la, 2a, 4a, 5, and variant X differ from variant Y in that they contain a-glucosyl residues attached to the GlcNAc-Rha-Rha-Rha primary chain (11) . As in Salmonella (14) , polyprenyl monophosphate glucose is involved in the formation of glucosylated 0 antigen in S. flexneri. The biosynthesis of this intermediate in vitro can be detected only in those strains of S. flexneri that contain glucosylated 0 antigen and can be estimated with the aid of polyprenyl phosphates prepared from plants (4) . The type-specific antigens 1, II, IV, V, and the -7,8 antigen can be the result of lysogenic conversion (2, 3, 6, 9, 10) .
In the present work, we examined the synthesis of lipid-linked glucose in S. flexneri variant Y after lysogenization with different typeantigen-converting phages. The isolation of thermosensitive nonconverting mutants of the PE5 phage (6) Sugar analysis. Samples of lipopolysaccharides were prepared by the phenol method (13) and hydrolyzed with 0.5 M H2SO4 at 100°C for 5 h. After neutralization with barium carbonate, the sugars were converted to alditol acetates (7) Table 2 are shown the results of the serological tests and the enzymatic formation of lipid-linked glucose in the presence of cell envelope preparations from these clones at both permissive (30°C) and nonpermissive (42°C) temperatures. Data on the Rha/Glc ratios in lipopolysaccharides of lysogenic clones, grown at different temperatures, are also included.
In UP518 (PE5 wild type), the formation of lipid-linked glucose was similar when studied either at 30 or 42°C upon incubation at either the permissive or nonpermissive temperature. Nevertheless, considerable difference was found in the Rha/Glc ratio in lipopolysaccharide obtained from cultures incubated at these two temperatures. This difference was not detectable by the slide agglutination test.
In the case of UP518 (PE5 ts II) the formation of lipid-linked glucose, even at 30°C, was only 10 to 20% of that of bacteria lysogenized with wild-type phage. This reduced enzymatic activity was further inhibited when the enzyme assay was performed at 42°C. The Rha/Glc ratio in the lipopolysaccharide of bacteria cultured at the nonpermissive temperature was much higher than the value for bacteria cultured at the permissive temperature. At the nonpermissive temperature, UP518 (PE5 ts II) did not contain V antigen detectable by slide agglutination.
In UP518 (PE5 ts III) the amount of lipidlinked glucose formed at both temperatures was high, as it was in UP518 (PE5 ts V) as well, and the Rha/Glc ratio was similar. We could not demonstrate the presence of V antigen when these strains were grown at the nonpermissive temperature.
In the case of UP518 (PE5 ts VI), no formation of lipid-linked glucose was detected even when higher concentrations of ficaprenyl phosphate were used. At the permissive temperature, the V antigen was present and an increase in the Rha/Glc ratio was observed, in comparison with the result at the nonpermissive temperature.
D)ISCUSSION The finding that the activity of polyprenyl phosphate glucose synthetase accompanies the actual presence of a glucosylated 0 antigen in S. flexneri (4) has been extended in the present studies to strains with phage-converted antigens. All six type-antigen-converting phages produced essentially the same effect, i.e., the appearance of activity of this einzyme, though significant quantitative differences were noticed in the presence of exogenous lipid acceptor. With P90 and /IV, the endogenous activity was higher. From the present results, we cannot tell whether these phages have any effect on the amount of polyprenyl phosphate in the cell envelope or on the quantity and activity of enzyme. The isolation of nonconverting mutant phages was performed by using one of the most easily testable phage, PE5. With all four mutant phages studied, the synthesis of immunodeterminant seems not to be impaired at the permissive temperature.
At the nonpermissive temperature with these four mutant phages, the conversion of antigen has not been observed. The changes in the Rha/Glc ratio could not be explained by the increase in the quantity of rhamnose. This possibility was excluded by the results of the cysteine-H2SO4 colorimetric assay of total rhamnose content in whole bacteria.
The presence of polyprenyl phosphate glucose synthetase with the absence of glucosylated antigen and the presence of glucosylated antigen in the absence of detectable activity of polyprenyl phosphate glucose synthetase show that this enzyme is not the only phage-determined factor of 0 antigen synthesis. In the first case, the possibility is indicated that the phage carries the information of another (second or third) enzyme that is responsible for the formation of the glucosylated antigen, e.g., transferase II, which transfers the glucosyl residue on lipopolysaccharide units. More difficult to explain are the results with the ts VI mutant phage, in which conversion of the antigen took place without the appearance of any synthesis of polyprenyl phosphate glucose. It is possible that UP518 (PE5 ts VI) contains, in the membrane preparation used for the assay, some inhibitor of polyprenyl phosphate glucose synthetase, and/or 4 mutant VI might be coding enzymes that hydrolyze the substrates of the enzymatic reaction. It is also possible that another pathway of antigen synthesis, which does not involve lipid intermediates, is involved.
